Introduction
Natural health products (NHPs), such as herbal medicines, probiotics, vitamins and minerals, are used regularly by 73% of Canadians. 1 Many consumers believe that NHPs derived from plants (such as herbal medicines) are safe because they are "natural. " 1 However, some plantderived NHPs can interact with pharmaceutical medications, potentially resulting in serious harm for patients. 2 A recent active surveillance study found that approximately 45% of consumers presenting to a Canadian pharmacy report using NHPs and prescription drugs concomitantly, with 7.4% describing an adverse event. 3 It is important for clinicians to initiate patient communication about NHP use and be knowledgeable about the potential risks to ensure patient safety. Unless clinicians ask, they may be unaware of patient NHP use. Most NHPs can be purchased from many sources without involvement of a health professional, and many patients do not disclose NHP use to clinicians. 4 However, education about NHP interactions is not always included within medical and pharmacy curricula, 5 and new evidence on NHP-drug interactions is constantly emerging. In addition, a quick search of the medical literature might identify contradictory information or poor-quality reports that are challenging to interpret. Clinicians could benefit from effective knowledge translation tools to identify and prevent potential NHP-drug interactions in their patients. As pharmacists have confirmed the utility of a NHP-drug interaction grid 6 as an effective knowledge translation tool, 7 we undertook a scoping review to identify and incorporate new NHP-drug interactions.
Data sources
We started with our team's prior work in this area, 6 which includes 29 plant-derived NHPs cross-referenced with 27 drug classes, and identified NHPs that have documented nephrotoxic and/or hepatotoxic effects. The process for selecting plant-derived NHPs included on the tool has been described previously. 6 Medical databases (MEDLINE, EMBASE and International Pharmaceutical Abstracts) were searched from January 2007 to December 2012. Search terms included medical subject headings/key words for each of the NHPs, combined with the terms clinical trials, case studies and case reports.
Study selection
One reviewer screened titles and abstracts of identified publications for select NHPs and pharmaceutical drugs. Inclusion criteria included 1) English language; 2) studies containing original data; 3) clinical, animal studies or in vitro studies; 4) studies that could potentially describe an interaction (theoretical or actual) of a single ingredient NHP with a pharmaceutical drug or a hepatotoxic or nephrotoxic reaction ( Figure 1) .
Additional records were identified from reference lists of review articles, the Natural Medicines Database 8 (formerly known as Natural Medicines Comprehensive Database), Stockley's Herbal Medicines Interactions 9 and a textbook titled Herb, Nutrient and Drug Interactions. 10 Full-text articles of included publications were retrieved.
Data were collected in a standardized fashion, including (if appropriate) reason for exclusion, and if included: 1) NHP involved, 2) drug class/ drug involved, 3) colour assignment as per the PRaCTiCe TOOl level of evidence and 4) brief description of the documented interaction.
We defined 6 levels of evidence: 8 *Nephrotoxic/hepatoxic: Herbs that potentially in uence kidneys and/or liver also potentially in uence drug metabolism and can therefore cause general interactions.
Numbers on this chart refer to interaction details described on the next page.
Disclaimer: To the best of our knowledge, the data in the chart are an accurate summary of the published data up to December 2012. See full disclaimer at end of article.
Clinical evidence describes an NHP-drug interaction in humans, based on randomized clinical trials (RCTs) or case reports.
Clinical evidence describes an NHP-drug interaction, but we had reservations about the available data.
Evidence describes an interaction postulated in theory, but not yet reported in practice.
Interactions based on pre-clinical studies (animal studies or in vitro) for which the clinical signi cance is unknown.
No reported interactions or theoretical interactions identi ed from the literature.
Clinical evidence documenting the lack of interaction after concurrent use.
The references cited on next page are available online at www.cpjournal.ca.
PRaCTiCe TOOl
Interaction details 1) Alfalfa may produce a theoretical additive effect when taken concurrently with lipidlowering drugs, since decreased cholesterol concentrations have been associated with alfalfa use (clinical trial). 1 2) Alfalfa may cause an additive effect with hypoglycemic agents (case report, animal studies). 2, 3 3) Aloe vera has been reported to cause thyroid dysfunction (case report). 4 4) Aloe vera has been reported to cause thyroid dysfunction (case report). 4 5) Oral aloe vera gel can cause additive glycemic-lowering effects when taken concurrently with a hypoglycemic agent (glibenclamide) (clinical study). 5 6) Oral aloe vera supplements have been reported to cause liver damage (case reports). 6,7 7) Angelica (dong quai/dang gui) was associated with enhanced anticoagulant effects when taken concurrently with warfarin (case reports). 8,9 8 ) Black cohosh has been reported to cause hepatotoxicity (case reports). 10 9) Chamomile can alter INR values in patients taking warfarin (case report). 11 10) There is conflicting evidence regarding a possible interaction between warfarin and cranberry (case reports) 12 ; clinical trials have reported mixed reports on the clinical impact on INR values with the use of cranberry and warfarin concurrently (clinical trials). 13, 14 Caution is warranted until further research is available. 11) Diabetic patients on glucose-lowering drugs and cranberry had decrease in lipid profiles (clinical trial). 15 12) Cranberry juice increases the concentrations of midazolam (clinical trial). 16, 17 13) Devil's claw may produce a theoretical additive effect when taken concurrently with analgesics, since devil's claw has been associated with reduced pain levels (clinical trials). 18 14) Echinacea increases the clearance of warfarin, but had no effect on INR values (clinical trial). 19 15) Clinical evidence of no interaction between echinacea and digoxin (small clinical trial). 20,21 16) Echinacea increases the metabolism of midazolam in healthy individuals; clinical significance is unknown. 22, 23 17) Echinacea has been reported to cause hepatotoxicity, however, product quality was not assessed and clinical significance remains unclear (case report). 24 18) Increased blood pressure and prolonged blood pressure elevation has been found with the concurrent use of ephedrine and clonidine (clinical trial). 25 19) Ephedra alkaloids have been reported to cause negative cardiovascular symptoms and thus should be used with caution in patients taking beta blockers (multiple case reports). 26 20) Ephedra alkaloids have been reported to cause negative cardiovascular symptoms and thus should be used with caution in patients taking cardiac glycosides (multiple case reports). 26 21) Ephedra alkaloids have been reported to cause negative cardiovascular symptoms and thus should be used with caution in patients taking an antiarrhythmic agent (multiple case reports). 27 22) Ephedra may produce a theoretical decreased effect of antipsychotics when taken concurrently, since psychotic episodes have been reported with ephedra use (case reports). 28,29 23) Ephedra may produce a theoretical decreased effect of anti-epileptics, since seizures have been reported with ephedra use (and may be more likely when it is combined with caffeine) (case reports). 30 24) Ephedrine may increase the clearance of corticosteroids (clinical trial). 31 25) Ephedrine has been shown to slightly increase then decrease the T3/T4 ratio, significance unknown (clinical trial). 32 26) Ephedrine has been shown to slightly increase then decrease the T3/T4 ratio, significance unknown (clinical trial). 31 27) Ephedrine may increase blood glucose concentrations especially when combined with caffeine (several clinical trials). 27, 33 28) Ephedra has been reported to cause hepatitis (case reports). 34-37 29) Gamma-linolenic acid of evening primrose oil may decrease blood pressure in some patients (conflicting evidence) and thus may have an additive effect with antihypertensive agents (clinical significance unknown) (clinical trial, animal studies). 38-41 30) Seizures have been reported with the concurrent use of phenothiazine antipsychotics and evening primrose oil (case reports). 41 145 ; mechanistic evidence of no interaction between SJW and MAO-A inhibitors (clinical trial). 146 87) SJW decreases the concentration of midazolam (clinical study). 141 88) SJW decreases the concentration of oral contraceptives, possibly leading to unintended pregnancies and breakthrough bleedings (case report, clinical trial). 147,148 89) In a case report study, there was an association between SJW and elevated TSH. 149 90) In a case report study, there was an association between SJW and elevated TSH. 149 91) SJW increases the clearance of gliclazide (clinical trial) 150 ; SJW had no effect on the pharmacokinetics or pharmacodynamics of repaglinide (clinical trial in healthy volunteers). 151 92) SJW increases the concentrations of voriconazole with single-dose administration and decreases its concentrations with repeated voriconazole administration (clinical trial). 150 93) SJW is associated with decreased concentrations of indinivir, lamivudine and nevirapine (clinical trials). 153-156 94) Toxic hepatitis was reported following the oral ingestion of a substantial quantity of concentrated thyme (Thymus vulgaris) oil (case report). 157 95) Psychiatric episode (delirium-like state resulting in self-harm) in an alcohol-dependent patient taking fluoxetine for alcohol-induced mood disorder and who began treatment with valerian (case report). 158 96) Valerian has been reported to cause hepatotoxicity (case report). 159 97) Salicin, a constituent of willow bark extract, has antiplatelet effects 160 ; the potential for willow bark extract to interact with anticoagulants when used concurrently is not known; concurrent use should probably be avoided until further information is available. Concurrent use of willow and warfarin was associated with an increased risk of bleeding (uncontrolled, longitudinal study). 62 98) Willow bark extract has effects on platelet aggregation that are similar to those of aspirin, but which are less pronounced (clinical trial). 160
PRaCTiCe TOOl d. the intervention was an isolated constituent(s) of the NHP rather than the plant extract and used in a way that was inconsistent with clinical use, and e. conflicting (contradictory) clinical evidence. III. Orange square: Evidence describes an interaction postulated in theory but not yet reported in practice. IV. Yellow square: Interactions based on preclinical studies (animal studies or in vitro) for which the clinical significance is unknown. V. Blue square: No reported interactions or theoretical interactions identified from the literature. VI. White dot: Clinical evidence documenting the lack of interaction after concurrent use.
Representative papers describing the strongest level of evidence of interaction for each NHPdrug combination and supporting documentation underwent an independent second review to confirm the classification and to finalize interaction details. Disagreements were decided by group discussion to reach consensus. All remaining interactions coded red and orange on our earlier tool 6 were confirmed from reference lists and secondary sources. Interactions previously coded yellow 6 for which there were no new literature reports were transferred without review. Interaction details were developed for each clinical interaction, with relevant citations identified. For interactions documented in multiple papers, a review paper was cited. The results were synthesized into a colourcoded NHP-drug interaction grid for clinicians.
Results
The updated NHP-drug interaction tool is shown in Figure 2 . It includes 23 interactions coded purple, 37 interactions coded purple dot, 36 interactions coded orange, 123 interactions coded yellow and 2 interactions coded white dot. NHP-drug interactions documented in in vitro or animal studies that are new to this tool from the previous tool are summarized in Table 1 .
Of the 29 NHPs, 27 had interactions with multiple drug categories cited in the medical literature-22 had interactions documented in clinical studies, 6 had only theoretical interactions, and 1 had no interactions.
Interpretation
Our NHP-drug interaction tool is comprehensive for 29 plant-derived NHPs. However, caution must be applied, as evidence in this field is constantly emerging (for example, we identified 97 clinically documented interactions compared with 59 in the first version).
There are many published studies regarding NHP-drug interactions; however, our study's strengths are 1) it captures a large amount of clinically relevant information, including 29 popular plant-derived NHPs and 27 drug classes, including nephrotoxicity and hepatotoxicity; 2) it is categorized and colour coded for ease of use; 3) it has succinct details for rapid clinical interpretation; and 4) it cites original data documented in medical literature.
This tool has many differences from our first version. First, the classification system was updated, to allow for more nuanced interpretation. We avoided the colours red and green, as these can be interpreted as "bad (unsafe)" or "good (safe), " when reality is more complex. A known interaction can be used to promote favourable outcomes. For example, extract of milk thistle (silymarin) in combination with antidiabetic agents can improve glycemic control and reduce the need for antidiabetic medication (both insulin and oral agents). 22 However, safe concurrent use requires clinical knowledge and close monitoring of the patient to confirm there are no adverse reactions and that the desired clinical effect is achieved. Whether or not concurrent use of products is desirable depends on the patient's clinical condition and the goals of treatment. As such, we chose a neutral colour (purple), so that the inference of safe/unsafe is removed, prompting clinicians to use the interaction details and their clinical judgment to determine if concurrent use is advisable or acceptable for their patients.
We decided to include an option for when evidence was emerging but not yet conclusive (i.e., a dot vs a fully shaded square). Typically, emerging harms are reported as case reports; these can vary considerably in terms of quality of reporting. 23 The same issues were described in Fugh-Berman and Ernst 24 -that it was not always possible to ascribe causality in case reports to a particular NHP-drug interaction, often because Devil's claw Beta-blockers, 13 cardiac glycosides 13 Garlic Antibiotic agents 14 Ginger Antibiotic agents 15 Ginkgo biloba Antibiotic agents 16 Asian ginseng Cardiac glycosides, 17 antihypertensive agents, 18 antidepressant agents 19, 20 Licorice Antidepressant agents 21 *Coded yellow in Figure 2 of a lack of full reporting. Often, NHPs are not well described in documentations in terms of species name, manufacturer or quality, leading to questions about the reproducibility of an interaction. In addition, if information such as the specific plant part used (e.g., leaves, roots) and type of preparation is lacking, the product's chemical profile is unknown, since the profile of chemical constituents is not uniform throughout a plant. In addition, our team was not comfortable attributing the effect of a highly concentrated component of a plant-derived NHP (such as glycyrrhizin isolated from licorice) to that of the whole plant-derived extract, recognizing that plant-derived NHPs are often large and complex substances with many active bioingredients, some of which may work synergistically to provide a clinical effect. Their absorption, distribution, metabolism and excretion is often not well understood. We differentiate between adverse events that have been documented in humans rather than postulated in theory or seen in animal models for this reason. A recent literature review revealed that in some cases, preclinical studies have been shown to predict clinical reactions and in some cases they do not; for example, CYP3A4-mediated interactions documented in vitro were predictive for clinical interactions seen in St. John's wort but not for milk thistle or Panax ginseng. 25 However, these interactions can alert clinicians to the possibility of a clinical interaction and promote clinical vigilance.
Limitations
Our study has several limitations. Given the scope of the work undertaken, we took a scoping review approach, rather than a full systematic review for all NHPs and drugs of interest. As our primary interest was to inform clinicians of clinically relevant interactions, our search strategy underrepresents preclinical data. Many studies of cytochrome P450 (CYP) enzyme inhibition/ induction are conducted in in vitro/animal settings and thus are also underrepresented based on the search strategy. The absence of interactions (coded white dot) is also underreported, as this was not the focus of our searches. Finally, our study was also limited by the quality of available data. As the current risk-of-bias tool used by the Cochrane Collaboration 26 is more appropriate when assessing studies of effectiveness, rather than adverse events, 27 we did not formally assess risk of bias. Instead, we assessed reports for causality and used expert judgment to identify which were less consistent with how products are typically used in clinical practice. Since we classified drugs by their clinical effect rather than their pharmacologic class, we added as much clarity as possible in the interaction details.
Future directions for NHP-drug interaction research are many and varied. More primary research is needed. For several reasons, adverse reactions associated with NHP-drug interactions may not be reported. 3, [28] [29] [30] [31] [32] Most national pharmacovigilance strategies are based on a passive surveillance system for reporting of suspected adverse drug reactions; this approach is well known to suffer from underreporting (both the quantity and quality of reported adverse reactions are often insufficient for meaningful interpretation). 31, 33 Active surveillance is a strategy to identify NHP-drug interactions at a faster rate than PRaCTiCe TOOl passive reporting of adverse events or by developing case studies, as described in Necyk. 3 All new evidence must be weighed against previous evidence to determine the clinical significance of the interaction in question. Future updates of our knowledge translation tool would also benefit from a larger scope, for example, the inclusion of more instances in which products have been taken concurrently with no documented interactions, adding interaction details to preclinical interactions and adding literature search terms relating to cytochrome P450. Knowledge translation tools are most helpful when they are up to date, and given the volume of relevant publications in this field, we are working to develop an app that can be more easily updated.
Conclusion
The NHP-drug interaction tool that has been developed can help clinicians determine if their patient is at risk. We urge clinicians to inquire about NHP use at every patient encounter and to report all suspected NHP-drug interactions to their respective national pharmacovigilance center (e.g., Marketed Health Products Directorate, Health Canada).
Disclaimer
To the best of our knowledge, the data in the chart are an accurate summary of the published data up to December 2012. The data have been reviewed by a panel of researchers and clinicians. Rare or currently undocumented interactions are always possible. Remember that the likelihood that a drug interaction may occur will also vary depending on a patient's individual characteristics, as well as on the quality of the plant-derived NHP, the part of the plant used, how a specific product is manufactured and what NHPs are combined together. Some of the common names listed here (e.g., Asian ginseng) refer to several different species or subspecies. We caution that all interactions are underreported and evidence is still emerging. ■ 
